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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
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Differential One-Way Ranging (Delta-DOR) operations are applicable to space agencies

perations where these requirements do not capture the needs of the participating agencie
tions may not be appropriate.

International Standard addresses rationale, requirements and criteria that Delta-DOF
sses should be designed to meet.

Requirements

irements are the technical recommendations made_in.the following publication (reprod
ing pages), which is adopted as an International Standard:

DS 506.0-M-1, April 2011, Delta-Differential OneWay Ranging (Delta-DOR) Operations

ne purposes of international standardization, the modifications outlined below shall apply t
les and paragraphs of publication CCSPS 506.0-M-1.

s i to vi

part is information which is relevant to the CCSDS publication only.

1-3

he following information to the reference indicated:
Document.CCSDS 502.0-B-2, November 2009, is equivalent to ISO 26900.2012.
Document CCSDS 503.0-B-1, November 2007, is equivalent to ISO 13536:2010.
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space missions that require accurate determination of the spacecraft position in/the plane of the sky.

, Delta-DOR
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Add the following information to the reference indicated:
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Document CCSDS 505.0-B-1, December 2010, is equivalent to ISO 17107:2011.

Page D-2

Add the following information to the reference indicated:

[D11] Document CCSDS 301.0-B-4, November 2010, is equivalent to ISO 11104:2011.

[D12] Document CCSDS 910.11-B-1, August 2009, is equivalent to ISO 18439:2013.
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3 Revision of publication CCSDS 506.0-M-1

It has been agreed with the Consultative Committee for Space Data Systems that Subcommittee
ISO/TC 20/SC 13 will be consulted in the event of any revision or amendment of publication CCSDS 506.0-M-
1. To this end, NASA will act as a liaison body between CCSDS and 1SO.
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AUTHORITY
Issue: Recommended Practice, Issue 1
Date: April 2011

Location: Washington, DC, USA

THis document has been approved for publication by the Management CGouncil pf the
Cqnsultative Committee for Space Data Systems (CCSDS) and represents’ the conpensus
teg¢hnical agreement of the participating CCSDS Member Agencies.»_The procedyre for
reyiew and authorization of CCSDS documents is detailed in the Pracedures Manual for the
Cansultative Committee for Space Data Systems, and the record ofZAgency participation in
th¢ authorization of this document can be obtained from theyyCCSDS Secretariat [at the
adfress below.

This document is published and maintained by:

CCSDS Secretariat

Space Communications and Navigation Office, 7L70
Space Operations Mission Directorate

NASA Headquarters

Washington, DC 20546-0001, USA
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of its members. The Committee meets periodically to address
data systems problems that are common to all participants, and to formulate sound technical
solutions to these problems. Inasmuch as participation in the CCSDS is completely
voluntary, the results of Committee actions are termed Recommendations and are not in
themselves considered binding on any Agency.

CCSDS Recommendations take two forms: Recommended Standards that are prescript{ve
the formal vehicles by which CCSDS Agencies create the standards that spe¢ify how
elements of their space mission support infrastructure shall operate and interoperate wijith

provide general guidance about how to approach a particular problem assoeiated with spgce
missidn support. This Recommended Practice is issued by, and represents the consensus pf,
SDS members. Endorsement of this Recommended Practicess entirely voluntary
es not imply a commitment by any Agency or organization to implement |its
endations in a prescriptive sense.

No lafer than five years from its date of issuance, this Recommended Practice will |be
reviewed by the CCSDS to determine whether it should: (1) remain in effect without change;
(2) bg changed to reflect the impact of new technologies, new requirements, or ngw
directions; or (3) be retired or canceled.

In thgse instances when a new version of @ Recommended Practice is issued, existing
CCSDS-related member Practices and implementations are not negated or deemed to be ngn-
CCSDS compatible. It is the responsibility of each member to determine when such Practi¢es
or implementations are to be modified. Each member is, however, strongly encouraged|to
direct |planning for its new Practices and implementations towards the later version of the
Recommended Practice.

CCSDS 506.0-M-1 Page ii April 2011
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FOREWORD

Through the process of normal evolution, it is expected that expansion, deletion, or
modification of this document may occur. This Recommended Practice is therefore subject
to CCSDS document management and change control procedures, which are defined in the
Procedures Manual for the Consultative Committee for Space Data Systems. Current
versions of CCSDS documents are maintained at the CCSDS Web site:

httn:/aranacesds.org/
Ir L=}

Questions relating to the contents or status of this document should be addreSsed [to the
CCSDS Secretariat at the address indicated on page 1i.
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— L National Institute of Information and Communications Technology O\TTFT)/Iﬂpnn
— National Oceanic and Atmospheric Administration (NOAA)/USA.

— National Space Agency of the Republic of Kazakhstan (NSARK)/Kazakhstan.

— National Space Organization (NSPO)/Chinese Taipei.

— Naval Center for Space Technology (NCST)/USA.

— Scientific and Technological Research Council of Turkey (TUBITAK)/Turkey.

— Space and Upper Atmosphere Research Commission (SUPARCO)/Pakistan.

— Swedish Space Corporation (SSC)/Sweden.

— United States Geological Survey (USGS)/USA.
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1 INTRODUCTION
1.1 PURPOSE

This Recommended Practice specifies a set of standard practices and message formats for use
in the navigation technique known as Delta Differential One-Way Ranging (Delta-DOR). It
has been developed via consensus of the Delta-DOR Working Group of the CCSDS Systems
Engineering Area (SEA).

Dglta-DOR is a Very Long Baseline Interferometry (VLBI) technique that can bejused in
copjunction with Doppler and ranging data to improve spacecraft navigation, by| more
efficiently determining spacecraft angular position in the plane of sky. The establishment of
inferoperability for acquiring and processing Delta-DOR data at ground stations of different
agencies, the standardization of service requests for Delta-DOR, the standardization| of an
exfhange format for raw data, and standardization of interfaces for exchange of supporting
products are key enablers for interagency execution of Delta-DOR.operations.

The Recommended Practice addresses aspects of the technique that require standardizafion in
ordler to enable Delta-DOR interoperability between space agencies, e.g., configyration
requirements for interagency Delta-DOR measurement; interagency exchange of
mg¢asurement data; parameters that are necessary in otfder to correlate and process the (lata at
one of the agencies; interagency transfer of the generated observables; and the end-to-end
flgw of control. It is believed that such standards will reduce development and opetations
copts while improving navigation capabilities’by increasing the number of intercontinental
ground station baselines.

There are essentially three parts to préviding Delta-DOR services, the first being the definition
ofthe RF domain signals and reception, the second being the definition of the input and joutput
data products, and the third being the definition of the method for requesting servi¢e and
transferring data products,. (The first of these is allocated to the CCSDS Space Link Service
(SLS) Area (reference [1]);'the second is allocated to the Mission Operations and Information
Management Services-(MOIMS) Area (reference [3]); the third will be developed as SLE
Service Request extensions which will be allocated to the Service Management Working |Group
within the Cross,Support Services (CSS) Area (reference [D12]).

The purpese’ of this Magenta Book is the production of a set of recommendations for
fagilitating interagency Delta-DOR operations that can both be useful now and evqlve to
mg¢et future needs. The present document is intended to provide a set of standard practjces to
be used forsetting up Detta-DOR measurements armong different agencies, covering all of
the required elements and describing how they are combined to provide the desired service.

1.2 SCOPE AND APPLICABILITY

Delta-DOR operations are applicable to space agencies that operate deep space missions that
require accurate determination of the spacecraft position in the plane of the sky. For

CCSDS 506.0-M-1 Page 1-1 April 2011
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operations where these requirements do not capture the needs of the participating agencies,
Delta-DOR operations may not be appropriate.

This Recommended Practice addresses rationale, requirements and criteria that Delta-DOR
operations processes should be designed to meet.

1.3 CONVENTIONS AND DEFINITIONS

Convgntions and definitions of Delta-DOR concepts are provided in reference [D2], De

~

a_

DOR Pperations—Technical Characteristics and Performance. This reference provides a

detailgd description of the Delta-DOR technique, including guidelines for DOR tone specjra,
guidelines for selecting reference sources, applicable foundation equations, and-a-discuss

on

of errpr sources and measurement accuracy that are not germane to the recommendatigns

presented in this document.

The fqllowing conventions apply throughout this Recommended Practice:
— | the words ‘shall’ and ‘must’ imply a binding and verifiablg specification;
— | the word ‘should’ implies an optional, but desirable;specification;
— | the word ‘may’ implies an optional specification;

— | the words ‘is’, ‘are’, and ‘will” imply statements of fact.

1.4 {COMMON DELTA-DOR TERMINOLOGY

Part qf the standardization process“involves the determination of common interagercy
termirjology and definitions that. apply to interagency Delta-DOR. The following

convehtions apply throughout this 'Recommended Practice:

Term Meaning

baseline The vector joining two tracking stations

channgl A slice of the frequency spectrum that contains a spacecraft or quasgar
signal

scan An observation of a radio source, typical duration of a few minutes

spanned bandwidth | The widest separation between downlink signal components

P1/No Total Power to Noise Spectral Density ratio

Prone/No Tone Power to Noise Spectral Density ratio

meteo data Meteorological Data (as a minimum: pressure, temperature, relative
humidity must be considered; slant total electron content might also
be provided)

CCSDS 506.0-M-1

Page 1-2 April 2011
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1.5 STRUCTURE OF THIS DOCUMENT

In addition to this section, this document contains the following sections and annexes:

Section 2 provides a general overview of Delta-DOR technique.
Section 3 provides a set of definitions for the interagency Delta-DOR.

Section 4 describes the Delta-DOR interoperability scenarios.

1.¢ REFERENCES

TH

p
W6

—

do|
C(

[1]

Section 5 discusses the interagency Delta-DOR validation process.
Section 6 discusses the interagency data exchange products and procedures.
Section 7 discusses the generation and maintenance of the radio sousce catalog.

Annex A lists a number of items that should be covered“in an interggency
Implementing Arrangement (IA) prior to commencing regular;Pelta-DOR operhtions.
There are several statements throughout the document that refer to the necespity of
such a document; this annex consolidates all the suggested IA items in a singlef list in
the document.

Annex B discusses security considerations applied to the technologies specified in
this Recommended Practice.

Annex C is a list of abbreviations and actonyms applicable to Delta-DOR Opergtions.

Annex D contains a list of informative references.

e following documents cofitain provisions which, through reference in this text, constitute
visions of this Recommended Practice. At the time of publication, the editions indicated
re valid. All docungénts are subject to revision, and users of this Recommended Ptactice
ar¢

encouraged to_inVestigate the possibility of applying the most recent editions |of the

cuments indicated below. The CCSDS Secretariat maintains a register of currently valid
SDS documents.

Radio"Frequency and Modulation Systems—Part 1: Earth Stations and Spacgcrafft.
Reécommendation for Space Data System Standards, CCSDS 401.0-B-20. Blue [Book.
Issue 20. Washington, D.C.: CCSDS, April 2009.

2]

[3]

Orbit Data Messages. Recommendation for Space Data System Standards, CCSDS
502.0-B-2. Blue Book. Issue 2. Washington, D.C.: CCSDS, November 2009.

Tracking Data Message. Recommendation for Space Data System Standards, CCSDS
503.0-B-1. Blue Book. Issue 1. Washington, D.C.: CCSDS, November 2007.

CCSDS 506.0-M-1 Page 1-3 April 2011
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Delta-DOR Raw Data Exchange Format. Draft Recommendation for Space Data

System Standards, CCSDS 506.1-R-1. Red Book. Issue 1. Washington, D.C.:
CCSDS, April 2011.

[5] “Radio Source Catalog.” May 26, 2006. Module 107 in DSN Telecommunications
Link Design Handbook. DSN No. 810-005, Rev. E. Pasadena California: JPL,
<http://eis.jpl.nasa.gov/deepspace/dsndocs/810-005/>

NOTE_—

Informative references are provided in annex D.
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2 OVERVIEW
2.1 GENERAL

This section provides a high-level overview of the Delta-DOR technique, its advantages, and
disadvantages.

2.2 THE DELTA-DOR TECHNIQUE

Vgry Long Baseline Interferometry (VLBI) is a technique that allows determinatjon of
angular position for distant radio sources by measuring the geometric time delay bgtween
re¢eived radio signals at two geographically separated stations. The observed time delpy is a
function of the known baseline vector joining the two radio antennas and’the direction|to the
radlio source.

An application of VLBI is spacecraft navigation in space™ missions where | delay
m¢asurements of a spacecraft radio signal are compared against-$imilar delay measurgments
oflangularly nearby quasar radio signals. In the case wher¢ the spacecraft measurements are
obtained from the phases of tones emitted from the spacecraft, first detected separately at
eath station, and then differenced, this application of VLBI is known as Delta Differential
One-Way Ranging (‘Delta-DOR’ or ‘ADOR’), .(See figure 2-1.) Even though data
acquisition and processing are not identical for-the spacecraft and quasar, both types of
mg¢asurements can be interpreted as delay measurements and they have similar information
coptent and similar sensitivity to sources of error (reference [D2]). The data produlced in
suth a measurement session are complementary to Doppler and ranging data.

()
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Figure 2-1: Delta-DOR Observation Geometry

To enpble a Delta-DOR measurement; @ spacecraft must emit several tones or other sighal
compg@nents spanning at least a few MHz. The characteristics of the tones are selected baded
on thg requirements for phase ambiguity resolution, measurement accuracy, efficient use|of
spacegraft signal power, efficient use of ground tracking resources, and the frequerlcy
allocation for space researchy

The Delta-DOR techaique requires that the same quasar and spacecraft be tracked essentiallly
simultaneously dufing the same tracking pass, at two distinct radio antennas. Thus a viewing
overlap between, the two antenna complexes is required; the degree of overlap is depend¢nt
upon the relative station locations, and varies for each pair of antenna complexes. Normally,
a Delta-DOR pass consists of three or more scans of data recording, each of a few minutes
duratipn2 A scan consists of pointing the antennas to one radio source and recording the
signal. The antennas must slew to another radio source for the next scan, and so on. The
observing sequence is spacecraft-quasar-spacecraft, quasar-spacecraft-quasar, or a longer
sequence of alternating observations, depending on the characteristics of the radio sources
and the objectives of the measurement session. A minimum of three scans is required to
eliminate clock-epoch and clock-rate offsets and then measure spacecraft angular position.
Normally a three-scan sequence is repeated several times. Once collected, the received
signals are brought to a common site and correlated. A Delta-DOR observable is generated
from a differential one-way range measurement made between the spacecraft and the two
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ground antennas, and by a measurement of the difference in time of arrival, at the same two
stations, of the quasar signal. The observed quantity in a Delta-DOR observation is time
delay for each radio source.

For a spacecraft, the one-way range is determined for a single station by extracting the
phases of two or more signals emitted by the spacecraft. The DOR tones are generated by
modulating a sine wave or square wave onto the downlink carrier at S-band, X-band, or Ka-
band. Either a pure waveform may be used, producing a spectrum of pure tones, or a
maodulated waveform mav be used prndnr‘ing a_spectrum that more closely resembles the
spectrum of a natural radio source. DOR observables are formed by subtracting the dre-way
rapge measurements generated at the two stations. While each one-way range mi¢asufement
is pffected by the unknown offset in the spacecraft clock, the station differencing elinpinates
this effect. However, DOR measurements are still biased by ground statiomelock offs¢ts and
ingtrumental delays.

For measuring the quasar, each station is configured to acquire.data from it in frequency
chpnnels centered on the spacecraft tone frequencies. This reteiver configuration gchoice
enpures that the spacecraft-quasar differencing eliminates the.effects of ground station clock
offsets and instrumental delays. By selecting a quasar that)is/close in an angular sense|to the
spacecraft, and by observing the quasar at nearly the same time as the spacecraft, the effects
of|errors in the modeled station locations, Earth orientation, and transmission media [delays
ar¢ diminished.

In|navigation processing, the delay or DORYobservable is modeled for each scan of each
radlio source. The measured observable-depends on both geometric factors and on [delays
infroduced by transmission media. Mgteo data are provided from each tracking site sp that,
popsibly in conjunction with othetndata such as GPS measurements, corrections ¢an be
computed to account for tropospheric and ionospheric path delays. The modeled or
‘computed’ observable is based on geometric parameters and available calibratiophs for
trdpospheric and ionosphetic delays. Residuals are formed by subtracting the computed
observables from the /measured time delay values. The ‘Delta’ between spacecraft and
qupsar observations_is-geénerated internal to the navigation processing by subtracting r¢sidual
vajues of quasar observations from residual values of spacecraft observations.

Bdcause each-Delta-DOR measurement requires the use of two antennas, and navigation
acguracy,_issimproved by baseline diversity, this technique is highly conducive to interggency
copperdtion. Measurements from two baselines are required to determine both comppnents
of|angular position, with orthogonal baselines providing the best two-dimensional coyerage.
ile no agency has enough station complexes to provide orthogonal baselines by itself, the
existing assets of more than one agency today could provide two or more pairs of angularly
separated baselines and good geometric coverage for missions throughout the ecliptic plane.
Stations from different agencies can be used as Delta-DOR data collectors for navigation
purposes, assuming that the infrastructure has been laid to facilitate such cooperation. The
use of Delta-DOR has been very beneficial for numerous NASA, ESA, and JAXA missions,
beginning with Voyager in 1979. Current missions using Delta-DOR for navigation, as of
this writing, include Messenger, New Horizons, Dawn, EPOXI, and Hayabusa. The
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technique is planned for future missions such as Mars Science Laboratory (NASA),
BepiColombo (ESA), and Ikaros (JAXA), and it seems reasonably likely that its use will
become a standard part of many mission navigation plans. CCSDS standardization will help
expand the use of the technique by allowing interagency cross support.

2.3 ADVANTAGES OF DELTA-DOR

Earth-based radio metric tracking is the primary source of navigational data (Doppler and
ranging) during interplanetary cruise. The advantages of using Delta-DOR measureme

along

with line-of-sight Doppler and ranging data include:

Delta-DOR provides improved angular accuracy by direct geometric measurement
the plane-of-sky position of a spacecraft in the inertial reference frame‘defined by {
quasars.

Orbit solutions based on line-of-sight and Delta-DOR data show less sensitivity
systematic errors, as compared to orbit solutions based;on only line-of-sig

2-2 below from Mars Exploration Rover data, referénce [D10].) Targeting pla
commonly referred to as ‘B-Plane’, coordinatesiare typically used to descr
planetary approach trajectories.  Uncertainties™ in the approach trajectory
represented by error ellipses. Better planetary{approach trajectories are characteriz
by smaller error ellipses.

Solutions which incorporate Delta-DOR' do not have singularities at low geocent
declinations or other adverse geometries.

Comparable trajectory accura€y)is obtained using either short arc (few days) or lo
arc (few months) solutions. when Delta-DOR data are used. Spacecraft state can
recovered more quickly\following a maneuver using Delta-DOR. By contrg
trajectory accuracy using Doppler and ranging typically depends strongly on data

length.

Navigation requirements can be satisfied by reduced tracking time per week, th
reducing both'the duration and number of weekly tracking passes; e.g., Delta-D(
tracks may be used during an extended mission to meet navigation needs with
sparse-tracking schedule.

nts
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Delta-DOR data may be acquired in a listen-only mode; an uplink is not required.
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Figure 2-2: Error Ellipses in the Mars Targeting Plane!

2.4 LIMITATIONS OEDELTA-DOR

There are also some limitations of using Delta-DOR measurements, including:

— Because-of the need to coordinate resources at two antenna complexes, and the
requitement for view-period overlap, both the scheduling and execution of a |Delta-
DOR measurement session are more complex than measurement scenarids that
ihvolve only a single antenna or single antenna installation.

— It 1s usually not possible to collect telemetry dafa during the time that the Delta-DOR
measurement is in progress.

I Courtesy of JPL/Caltech.
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3 DEFINITIONS FOR INTERAGENCY DELTA-DOR
3.1 OVERVIEW

Delta-DOR operations requirements address functionality, processes, contents, and
implementation approach for interoperability. Two kinds of scenarios are addressed:
operational scenarios, in which Delta-DOR is used to support a flying mission, and
validation scenarios, in which the validation of Delta-DOR capability is effected. First, roles

of pqr‘ri{‘ipaﬁng agpnr‘ipq 1n nppraﬁnnﬂ] scenarios are defined Thpn7 roles of pqrﬁr"pating

aggncies in validation scenarios are also defined.

3.2 ROLES OF PARTICIPATING AGENCIES IN OPERATIONAL.SCENARIOS

The following roles of participating agencies in operational scenarios are defined:

— Data Usage Agency (DUA): agency that provides the.spacecraft (S/C) prgdicted
trajectory and performs Delta-DOR observable modeling.

— Data Collection Agency (DCA): agency that collects’the raw Delta-DOR data|(there
may be more than one).

— Data Processing Agency (DPA): agency.that processes (correlates) the raw |Delta-
DOR data.

3.3 ROLES OF PARTICIPATING AGENCIES IN VALIDATION SCENARIOB

THe following roles of participating agencies in validation scenarios are defined:

— Validating Agency (VA): agency that validates a specific function. Being the ggency
that validates part-0f’the Delta-DOR system, this agency is supposed to haye this
system already~operational and validated in terms of interoperability with| other
agencies.

— Under Validation Agency (UVA): agency that undergoes the validation procesp for a
specificipart of the Delta-DOR system.

w
—_—

The relattonship between VA and UVA may be established at DUA, DCA, or DPA lev

3.4 DEFINITION OF THE OPERATIONAL SCENARIOS
The following table represents the four recognized interagency Delta-DOR operational

scenarios. Each scenario is independent from the others. The notation Al=Agency 1,
A2=Agency 2, etc., is used.
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Table 3-1: Definition of Cross-Support Scenarios

Agency
Scenario DUA DCA DPA
1 Al A2 A2
2 Al Al &A2/A3 | Al or A2
3 Al A2 & A3 Al
4 Al A2 & A3 A2 or A3
NOTH - The scenarios identified in table 3-1 are described in section 4.

3.5 PEFINITION OF THE VALIDATION SCENARIOS

The fqllowing table identifies the three recognized interagency Delfa-DOR validation steps.
The n¢tation adopted in 3.2 is used. Each scenario is independent from the others.

Table 3-2: Definition of Cross-Support Vialidation Scenarios

Agency
Stdp DUA DCA DPA Validates
1 UVA VA VA Trajectory prediction and
observable modeling
2 VA UVA&VA, UVA VA Data collection
3 VA VA UVA Data processing
NOTH - The scenariesidentified in table 3-2 are described in section 5.

3.6 PEFINITION OF THE INTERFACES

The high-léyel Delta-DOR data flow below shows various interfaces (numbered 1 through 7
in figyre-3-1) where standardization is beneficial in terms of establishing interoperability.
Figure 3=1also contains the roles ot operational scenarios as detined in 3.2.

In general, the Recommended Practice covers the necessary parameters at each stage of the
data flow. During data acquisition, radio source signals arrive at an antenna that belongs to a
Data Collecting Agency, are detected by a receiver (Rx), and then stored at the site. Next,
data from at least two sites are transferred to a Data Processing Agency and correlated to
generate observables. Finally, reduced data (i.e., time delay observables) and meteo data
used to calibrate path delays through transmission media are provided to the Orbit
Determination (Data User Agency).
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Figure 3-1: (High-Level Delta-DOR Flow

With reference to figure 3-1 the following interfaces can be defined:

Storage -
\
al\[ data N

s

educed Data

IF-1: Service Request; includes observation schedule and sequence. This interface is

described in 6.2-

IF-2: DORGsignal for S/C tracking. This interface is defined in CCSDS 401 (2.5.6B)

B-2 (reference [1]).

IF<3;)quasar catalogue for Delta-DOR (reference [5]); provides quasar coordinates
and flux that are used for measurement planning. This interface is described in

section 7.

IF-4: exchange format for raw Delta-DOR data. This interface is being standardized
in reference [4] and may differ from the native format used for raw data by an

Agency.

IF-5: meteo data. This interface is defined by the Tracking Data Message (TDM—

reference [3]).

IF-6: orbital data. These data are used at all stations to define antenna pointing during
data acquisition and received frequency predictions. These data are also input to the
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Delta-DOR correlator. This input relies on the S/C orbit prediction, and therefore
information is exchanged among agencies via Orbit Ephemeris Message (OEM)

products (reference [2]).

IF-7: reduced data. These are the products of the Delta-DOR. This interface
defined by the Tracking Data Message (TDM—reference [3]).

is

3.7 DEFINITION OF PARAMETERS INTERVENING IN THE MEASUREMENT

3.7.1

3.7.1.1
docun|
inforn|

3.7.1.7
perfor]

a
b)
©)

3.7.1.3
Requg

N

NOTE

3.7.2
The fd

a)
b)

c)

GENERAL
Basic information needed to enable cross support between Agencies shall first
jented in an Implementing Arrangement (IA). The IA shall contafiiyat least 1

)ation listed in annex A.

In addition to the IA, three sets of parameters provide all ihformation needed
m a Delta-DOR session. These are:

Service Request parameters (interfaces affected: IF-1, HF<2, and IF-3);
orbit ephemeris parameters (IF-6);

correlation parameters (not mandatory).

b Such parameters shall be exchanged either via the IA (annex A) or via the Serv
st defined in 6.2.

— Each of the above sets of parameters is detailed in the following subsections.

SERVICE REQUESTPPARAMETERS

llowing parameters. further described in 6.2 belong to the Service Request category:
Delta-DOR aetivity start/stop time;
spacecraftyquasar, and station IDs;

start-and stop time of each scan;

d)

be
he

ce

radio source to observe for each scan;

e)
f)

g)
h)

signal polarization;
receiver channelization including bandwidth and sample resolution;
spacecraft signal components to record;

last estimated non-coherent carrier frequency;
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1) frequency of the DOR tones or of the subcarrier harmonics that will be used for the
measurement;

J) expected signal flux/flux density for each radio source.

3.7.3 ORBIT EPHEMERIS PARAMETERS

The following parameters belong to the orbit ephemeris category:

a) OEM file as defined in reference [2] of sufficient accuracy for antenna pg¢inting
during data acquisition;

b) OEM file as defined in reference [2] of sufficient accuracy for de¢lay ambiguity
resolution during data processing;

c) an estimate of the uncertainty in the OEM.

3.7.4 CORRELATION PARAMETERS

The following parameters belong to the correlation categery:

a) total averaging time for the spacecraft signal;

b) coherent integration time for the spacectaft signal;

¢) Phase Locked Loop (PLL) bandwidth (in Hz), if used, for each spacecraft tone;
d) total averaging time for the quasar signal;

e) coherent integration time for the quasar signal.
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4 DESCRIPTION OF OPERATIONAL SCENARIOS
4.1 OVERVIEW

4.1.1 In this section, the four interoperability scenarios outlined in section 3 are described,
using the following rules:

— each scenario is split in steps, respecting the timeline of events;

—attimterfaces and categorics Of parammeters to be exchanged at each step are memntipned.

Mpreover, the following conventions are also adopted:

— data processing indicates the correlation of raw Delta-DOR data and generation of
time delay observables;

— Delta-DOR observable modeling indicates reading of reduced Delta-DOR data and
meteo data and computation of corresponding model values for the observablgs, i.e.,
generation of computed observables for use in orbit determination.

4.1.2 The IA described in annex A is a prerequisite to the execution of interagency [Delta-
DQR measurements. In particular the IA shall include time periods and number of
ocpurrences for which service may be requested (‘tracking schedule’). Instances of the [Delta-
DOR service, as required, are then requested bdsed on the allowed tracking schedulg. The
information needed to request an instance of the Delta-DOR service is given in the ‘Service
Rgquest’ defined in 6.2.

4.2 SCENARIO1

4.2.1 GENERAL

4.2.1.1 In scenario l;~following the conventions adopted in 3.2, the DUA is Agepcy 1,
while the DCA and theyDPA are Agency 2.

4.2.1.2 The scenario participating entities and tasks are:

a) tracked probe: DUA;
b)< tracking stations: both stations operated by the DCA;

oY dotg anae ety d b tha DCA /TP A-
U Udtd pProclssSorE . puImolinta oy U DTy DT 7Y,

d) data transfer:

— OEM file from DUA to DCA,

— meteo data from DCA to DUA,

— reduced Delta-DOR data delivery by the DCA/DPA to the DUA;
e) Delta-DOR observable modeling: performed by the DUA.
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OPERATIONAL SUPPORT PROCEDURE

The operational support procedure for scenario 1 shall be as follows:

a)

The DUA provides the Service Request (through IF-1) to the DCA/DPA.

b) The DUA provides an OEM (through IF-6) to the DCA/DPA to be used for antenna
pointing predicts and frequency predicts during data acquisition, and for correlation

processing of the S/C.

N(

g)

h)

4.2.3

The DUA configures the spacecraft for DOR downlink (through IF-2) af{
scheduled times.

and frequency predicts, and configures the receiver as per the Service/Request.

The DCA/DPA executes the observation and transfers both raw_and meteo data to
facilities. For this data transfer step, in this scenario, either the-hative interfaces
the DCA or the interagency interfaces IF-4 and IF-5 may be used.

DTE — Latitude is given here since data collection and processing are both native
the DCA/DPA.

The DPA correlates the data and provides reduced data (TDM, through IF-7) to 1
DUA.

The DCA provides the DUA with meteo data collected during the tracking (TD
through IF-5).

The DUA makes use of the reduced data.

EXERCISED INTERFACES

The interfaces exercised dn'scenario 1 are:

a)
b)

N(

IF-1: Service_Request by the DUA to the DCA/DPA.
IF-2: Delta-DOR tone definition.

DTE ‘= The Service Request controls use of IF-2.

he

The DCA programs the detailed observation sequence, generates antentid pointing

its
for

he

M,

c)

i & e 1 4o —dad ] 4] NI A ¢+ 4] AR VYalvy
II=J. quasdal SUITLULUIT PIOVIUCTU Uy UIC DUA 10U UIC IJTU A,

NOTE - The Service Request controls use of IF-3.

d)
¢)

IF-5: meteo data to be provided by the DCA to the DUA.
IF-6: provision of OEM file by the DUA to the DCA/DPA.

f) [IF-7: reduced data in the form of TDM files to be provided by the DPA to the DUA.
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4.3 SCENARIO 2
4.3.1 GENERAL

4.3.1.1 In scenario 2, following the conventions adopted in 3.2, the DUA is Agency 1,
while DCA 1 is Agency 1, DCA 2 is Agency 2 or Agency 3, and the DPA can be either
Agency 1 or Agency 2.

4.3.1.2 The scenario participating entities and tasks are:

a) tracked probe: DUA;
b) tracking stations: one station operated by the DUA/DCA 1 and the otherby DCA|2;
c) data processing: performed either by the DUA/DCA 1 or by DCA”2;
d) data transfer:

— OEM file from DUA to DCA 2,

— meteo data from DCA 2 to DUA;

in case the DUA is the DPA:

— exchange format raw Delta-DOR data ffom DCA 2 to DUA;

in case DCA 2 is the DPA:

— exchange format raw Delta-DOR data from DUA to DCA 2,

— reduced Delta-DOR data delivery by DCA 2 to the DUA in the form of af TDM
file;

e) Delta-DOR observablg'modeling: performed by the DUA.

4.3.2 OPERATIONAL SUPPORT PROCEDURE

THe operational’'support procedure for scenario 2 shall be as follows:

a) The'DUA provides the Service Request (through IF-1) to DCA 2.

b) “The DUA provides an OEM (through IF-6) to DCA 2 to be used for antenna pginting
= B qd £ 2 P | 3 da+ ot d LCINCYA D (o 4] T\TA f
lJl CUIULS Al 11 \/Llubllb)’ Pl\/ul\/l.b Uul 1115 uata CI,\/LiU.lDlLlUll, ali, 11 10Uy 4215 UIv DJI D) OI'

correlation processing of the S/C.

c) The DUA configures the spacecraft for DOR downlink (through IF-2) at the
scheduled times.

d) The DUA/DCA 1 and DCA 2 program the detailed observation sequence, generate
antenna pointing and frequency predicts, and configure the receiver as per the Service
Request.
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The DUA/DCA 1 and DCA 2 perform the observation.
DCA 2 transfers the meteo data collected at its station to the DUA (through IF-5).
If DCA 2 is the DPA:

1) the DUA/DCA 1 transfers the exchange format raw Delta-DOR data collected
its station to DCA 2 (through 1F-4);

2) DCA 2 provides reduced Delta-DOR data (TDM, through IF-7) to the DUA.

h)

4.3.3

The interfaces exercised in scenario 2 are:

a)
b)

N(

N(
d)

g)

If the DUA/DCA 1 is the DPA:

to the DUA (through IF-4).
The DUA makes use of the reduced data.

EXERCISED INTERFACES

IF-1: Service Request by the DUA to DCA 2.
IF-2: Delta-DOR tone definition.

DTE — The Service Request controls use of IF-2.
IF-3: quasar selection by the DUA:

DTE — The Service Request.controls use of IF-3.

IF-4: in case the DUA i§ the DPA, provision of exchange format raw Delta-DOR d
by DCA 2 to the DUA/DPA; in case DCA 2 is the DPA, provision of exchar
format raw DeltasDOR data by the DUA to DCA 2/DPA.

IF-5: meteo data’to be provided by DCA 2 to the DUA.
IF-6: prevision of OEM file by the DUA to DCA 2.
IF-7:teduced data in the form of TDM files to be provided by DCA 2 to the DU

at

1) DCA 2 transfers the exchange format raw Delta-DOR data collected at.its statjon

hta
ge

JA

only if DCA 2 is the DPA.
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4.4 SCENARIO3
4.4.1 GENERAL

4.4.1.1 In scenario 3, following the conventions adopted in 3.2, the DUA is Agency 1,
while DCAs are Agency 2 and Agency 3, and the DPA is again Agency 1.

4.4.1.2 The scenario participating entities and tasks are:

a) tracked prove: DUA;
b) tracking stations: one station operated by DCA 1 and the other by DCA 2;
c) data processing: performed by the DUA;
d) data transfer:
— OEM file from DUA to DCAs,
— meteo data from DCAs to DUA,
— exchange format raw Delta-DOR data from DCAS to DUA;
e) Delta-DOR observable modeling: performed by the DUA.

4.4.2 OPERATIONAL SUPPORT PROCEDURE

THe operational support procedure for scenario 3 shall be as follows:
a) The DUA provides the Service Request (through IF-1) to both DCAs.

b) The DUA provides an\OEM (through IF-6) to both DCAs to be used for aptenna
pointing predicts and frequency predicts during data acquisition.

c) The DUA cenfigures the spacecraft for DOR downlink (through IF-2) at the
scheduled times.

d) DCA _I/and DCA 2 program the detailed observation sequence, generate aptenna
pointing and frequency predicts, and configure the receiver as per the Service
Request.

¢)» DCA 1 and DCA 2 perform the observation.

f) DCA 1 and DCA 2 transfer exchange format raw Delta-DOR data (through IF-4) and
meteo data (through IF-5) collected at their stations to the DUA/DPA.

g) The DUA/DPA performs the correlation and makes use of the reduced data.
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4.4.3 EXERCISED INTERFACES

The interfaces exercised in this scenario are:
a) IF-1: Service Request by the DUA to the DCAs.
b) IF-2: Delta-DOR tone definition.

NOTE - The Service Request controls use of IF-2.

c) | IF-3: quasar selection by the DUA.

NOQTE - The Service Request controls use of IF-3.

d)| IF-4: provision of exchange format raw Delta-DOR data by the DCAs te'the DUA.
e)| IF-5: meteo data to be provided by the DCAs to the DUA.

f) | IF-6: provision of OEM file by the DUA to the DCAs.
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4.5 SCENARIO 4
4.5.1 GENERAL

4.5.1.1 In scenario 4, following the conventions adopted in 3.2, the DUA is Agency 1,
while DCAs are Agency 2 and Agency 3, and the DPA is either Agency 2 or Agency 3.

4.5.1.2 The scenario participating entities and tasks are:

a) tracked prove: DUA;
b) tracking stations: one station operated by DCA 1 and the other by DCA 2;
c) data processing: the DPA could be either DCA 1 or DCA 2;
d) data transfer:
— OEM file from DUA to DCAs,
— meteo data from DCAs to DUA;
in case DCA 1 is the DPA:
— exchange format raw Delta-DOR data from DCA 2 to DCA 1/DPA;
in case DCA 2 is the DPA:
— exchange format raw Delta-DOR data from DCA 1 to DCA 2/DPA;
e) Delta-DOR observable modeling: petformed by the DUA.

4.5.2 OPERATIONAL SUPPORT PROCEDURE

THe operational support procedure for scenario 4 shall be as follows:
a) The DUA provides-the Service Request (through IF-1) to both DCAs.

b) The DUA prevides an OEM (IF-6) to be used for antenna pointing predicts and
frequency predicts during data acquisition to both DCAs.

c) The DUA configures the spacecraft for DOR downlink (through IF-2) pt the
scheduled times.

d)¢c DCA 1 and DCA 2 program the detailed observation sequence, generate aptenna
pointing and frequency predicts, and configure the receiver as per the Service
Request.

e) DCA 1 and DCA 2 perform the observation.
f) DCA 1 and DCA 2 transfer meteo data to the DUA (through IF-5).
g) If DCA 1 is the DPA:

1) DCA 2 transfers the exchange format raw Delta-DOR data collected at its station
to DCA 1/DPA (through IF-4);
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2) DCA 1/DPA correlates the data and provides reduced data (TDM, through IF-7)

to the DUA.
If DCA 2 is the DPA:

1) DCA 1 transfers the exchange format raw Delta-DOR data collected at its station

to DCA 2/DPA (through IF-4);

2) DCA 2/DPA correlates the data and provides reduced data (TDM, through IF-7)
the DUA

4.5.3

The interfaces exercised in scenario 4 are:

a)
b)

N(

N(
d)

g)

The DUA makes use of the reduced data.

EXERCISED INTERFACES

IF-1: Service Request by the DUA to the DCAs.
IF-2: Delta-DOR tone definition.

DTE — The Service Request controls use of IF-2.
IF-3: quasar selection by the DUA.

DTE — The Service Request controls use-of IF-3.

by DCA 2 to DCA 1/DPA; in case DCA 2 is the DPA, provision of exchange forn
raw Delta-DOR data by DCA ‘1-.to DCA 2/DPA.

IF-5: meteo data to be provided by both DCAs to the DUA.
IF-6: provision of QEM file by the DUA to the DCAs.
IF-7: reduced datain the form of a TDM file to be provided by the DPA to the DUA

to

IF-4: in case DCA 1 is the DPA, provision of exchange format raw Delta-DOR data

nat
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S DESCRIPTION OF VALIDATION PROCESS
5.1 OVERVIEW

There are several ways for validating the capability of an agency to be incorporated in an
existing Delta-DOR network. First of all, the agency joining the Delta-DOR network should
already be equipped with the necessary infrastructure. However, this cannot be considered as
a sufficient step to be fully integrated in an operational network.

Fallowing the description given in 3.5, three validation steps are here described.

Each step aims at validating part of the process (trajectory prediction and Deltg3-DOR
observable modeling, data collection, and data processing) in order toCreach complete
inferoperability. Each of the aforementioned is described in detail\in the following
supsections.

Each step is an independent case, and the steps can be undertaken'in any order. In ofder to
achieve a full interoperability, all of the steps must be successfully completed.

THe validation process here described covers only the procedure needed; it does not coptain a
qupntitative criterion for the achieved validation level) This information is provided|in the
Gieen Book (reference [D2]).

In|order to make the process more effective; it should be performed using a spa¢ecraft
orbiting around a planet. Since the orbit of\a planetary spacecraft can be estimated dlready
with high precision using standard radiometric techniques such as integrated Doppler and
rapging, the performance of the Delta=DOR system under test can be better characteriz¢d.

5.2 INTEROPERABILITY-VALIDATION STEP 1—TRAJECTORY PREDICTION
AND OBSERVABLE‘MODELING

5.2.1 GENERAL-.-BESCRIPTION AND GOALS

5.2.1.1 In order-to validate the interoperability process, one step is to test the navigation
interfaces and'related processing. Step 1 exercises all navigation interfaces in the form of
OEM (reference [2]) and TDM files (reference [3]), consisting in the exchange of OBM for
th¢ pre-acquisition phase and of meteo and reduced data (i.e., the Delta-DOR observaple) in
th¢ form of TDM files.

5.2.1.2 The Validating Agency (VA), which has already-proven capabilities of Delta-DOR
interoperability, will provide both the DCA and DPA roles, from data acquisition to data
processing. The Under Validation Agency (UVA) will test its capability to provide a
predicted ephemeris (OEM file, IF-6 in figure 3-1) and to carry out Delta-DOR observable
modeling using the reduced data (IF-7) and meteo data (IF-5) in TDM format.
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5.2.1.3 The participating entities and tasks are:

a)

Tracked probe: UVA.

If the probe belongs to the VA, the VA shall provide the UVA with the means
perform trajectory prediction and Delta-DOR observable modeling on the probe.

to

NOTE - It would be up to the VA to validate such capability before undertaking the

Delta-DOR validation step under discussion.

b)

©)
d)

e)

5.2.2
The v{
a)

b)

Tracking stations: both stations operated by the VA.
Data processing: performed only by the VA.
Data transfer:

— Delta-DOR reduced data delivery by the VA to the UVA inthe form of a TD
file;

— meteo data delivery by the VA to the UVA in the formy of-a TDM file;
— OEM file delivery by the UVA to the VA.
Delta-DOR observable modeling: performed by the'UVA.

VALIDATION PROCEDURE

ilidation procedure shall be as follows
The UVA provides the Service-Request (through IF-1) to the VA.

If the probe belongs to the'VA, the VA shall provide the UVA with the relevant §
parameters (as per anneX A) so that the UVA can generate the Service Request.

related uncertainties to be used for antenna pointing during data acquisiti
frequency predicts, and correlation processing.

If the prebe belongs to the VA, the VA shall provide the UVA with the probe st
and refevant S/C model parameters so that the UVA can generate the OEM.

M

/C

The UVA provides_the VA with an OEM file (through IF-6) of its spacecraft and

D1,

hte

The VA programs the detailed observation sequence, generates antenna pointing qnd

d)

frequency predicts, and configures the receiver as per the Service Request.

The VA executes the observation and transfers both raw and meteo data to

its

facilities. For this data transfer step, in this scenario, either the native interfaces for

the VA or the interagency interfaces IF-4 and IF-5 may be used.

NOTE - Latitude is given here since data collection and processing are both native to

the VA.
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e) The VA correlates the data and provides reduced data (TDM, through IF-7) to the
UVA.

f) The VA provides the UVA with meteo data collected during the tracking (TDM,
through IF-5).

g) The UVA performs the Delta-DOR observable modeling.
h) The VA checks the computed observables provided by the UVA.

5.2.3 VALIDATED INTERFACES

THe interfaces validated in this step are:
a) IF-1: provision of the Service Request by the UVA to the VA.
b) IF-2: Delta-DOR tone definition.

NOTE - The Service Request controls use of IF-2.

c) IF-3: quasar selection.

NOTE - The Service Request controls use of ¢F-3.

d) IF-5: provision of meteo data of both observing stations by the VA to the UVA.
e) IF-6: provision of OEM file by the UVA to the VA.

f) IF-7: provision of reduced Delta=DOR data by the VA to the UVA.

5.2.4 ACHIEVEMENTS

With interoperability validation step 1 the following are achieved:

a) validation of the UVA navigation products in the pre-acquisition phase (i.e.,| OEM
files).

b) validation of the UVA capabilities to read and model Delta-DOR navigation prpducts
(i*e:; TDM files) within the orbit determination phase.

e) The UVA can now provide the role of DUA.

5.3 INTEROPERABILITY VALIDATION STEP 2—DATA COLLECTION
5.3.1 GENERAL DESCRIPTION AND GOALS

5.3.1.1 Step 2 addresses the point of raw data exchange and validation of the raw data
acquisition process by the UVA.
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5.3.1.2 The participating entities and tasks are:

a)

b)

Tracked probe: VA.

If the probe belongs to the UVA, the UVA shall provide the VA with the means
perform trajectory prediction and Delta-DOR observable modeling on the probe.

to

Tracking stations: one station operated by the VA, one by the UVA (or both operated

by the UVA).

5.3.2

The v{
a)

b)

Data transfer: exchange format raw Delta-DOR and meteo data transfer from.{
UVA to the VA.

Data processing: performed by the VA.
Delta-DOR observable modeling: performed by the VA.

VALIDATION PROCEDURE

ilidation procedure shall be as follows:
The VA provides the Service Request (through IF-19to the UVA.

If the probe belongs to the UVA, the UVA shallprovide the VA with the relevant §
parameters (as per annex A) so that the VA ¢an generate the Service Request.

related uncertainties to be used for, antenna pointing predicts and frequency predi
during data acquisition, and for thecorrelation process.

If the probe belongs to the UV A, the UVA shall provide the VA with the probe st
and relevant S/C model patameters so that the VA can generate the OEM.

The UVA and the MA(or the UVA only, in case both stations belong to the UV
program the detailed observation sequence, generate antenna pointing and frequen
predicts, and configure the receiver as per the Service Request.

The UVAsand the VA (or the UVA only, in case both stations belong to the UV
executethe observation.

The UVA transfers the exchange format raw Delta-DOR data (through IF-4) and {

he

/C

The VA provides the UVA with an OEM file (through IF-6) of its spacecraft and

Ccts

hte

A)

A)

he

g)

meteo data (fhrm]gh IF-3) collected at its station(s) to the VA

The VA performs the correlation process.

The VA performs the observable modeling and validates the results.

CCSDS 506.0-M-1 Page 5-4 April 2011


https://standardsiso.com/api/?name=0ebff15a0f8b97f18ca477d9630e5d44

ISO 17809:2014(E)
CCSDS RECOMMENDED PRACTICE FOR DELTA-DOR OPERATIONS

5.3.3 VALIDATED INTERFACES

The interfaces validated in this step are:
a) IF-1: provision of the Service Request by the VA to the UVA.
b) IF-2: Delta-DOR tone definition.

NOTE - The Service Request controls use of IF-2.

c) IF-3: quasar selection.

NOTE - The Service Request controls use of IF-3.
d) IF-4: provision of exchange format raw Delta-DOR data by the UV Ato the VA
e) IF-5: provision of meteo data by the UVA to the VA.

5.3.4 ACHIEVEMENTS

With interoperability validation step 2 the following are-achieved:

a) validation of the UVA capability to make use of the navigation products generdted by
the VA (i.e., OEM files).

b) wvalidation of exchange format raw Belta-DOR and meteo data acquisition jof the
UVA.

¢) The UVA can now provide the role of DCA.

5.4 INTEROPERABILITY'VALIDATION STEP 3—DATA PROCESSING
5.4.1 GENERAL DESCRIPTION AND GOALS
5.4.1.1 Step 3 addresses the correlation process performed by the UVA.

5.4.1.2 Theparticipating entities and tasks are:
a) , Fracked probe: VA.

If the probe belongs to the UVA, the UVA shall provide the VA with the mdans to
perform trajectory prediction and Delta-DOR observable modeling on the probe.

b) Tracking stations: both operated by the VA.

c) First data transfer: exchange format raw Delta-DOR data from the VA to the UVA.
d) Data processing: data correlation performed by the UVA.

¢) Second data transfer: reduced Delta-DOR data transfer from the UVA to the VA.
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VALIDATION PROCEDURE

The validation procedure shall be as follows:

a)

b)

g)
h)

54.3

The interfaces validated.ifVthis step are:

a)
b)

N(

The VA provides the Service Request (through IF-1) to the UVA.

If the probe belongs to the UVA, the UVA shall provide the VA with the relevant S/C

parameters (as per annex A) so that the VA can generate the Service Request.

The VA provides the UVA with an OEM file (through IF-6) of its spacecraft

nd

related uncertainties to be used in the correlation process.

If the probe belongs to the UVA, the UVA shall provide the VA with the probe st
and relevant S/C model parameters so that the VA can generate the OEM:

frequency predicts, and configures the receiver as per the Service Request.
The VA executes the observation.

The VA transfers exchange format raw Delta-DOR data’(through IF-4) collected at
tracking stations to the UVA.

3.7.4 may be required as part of the validatieh process. The VA also performs d
processing to be able to check the results frtém the UVA.

The UVA transfers the reduced Delta,DOR data to the VA (through IF-7).

The VA compares the reduced datato its own values, from data processing perfornj
at the VA, and validates the results.

VALIDATED INTERFACES

IF-1: provision of the Service Request by the VA to the UVA.
IF-2: Delta-DOR tone definition.

DTE. - The Service Request controls use of IF-2.

The UVA performs the data processing. Discussion on the correlation parameters|i

hte

The VA programs the detailed observation sequence, generates anténna pointing and

its

hta

c)

IF-3: quasar selection.

NOTE - The Service Request controls use of IF-3.

d)
¢)
f)

IF-4: provision of exchange format raw Delta-DOR data by the VA to the UVA.
IF-6: provision of OEM file by the VA to the UVA.
IF-7: provision of reduced Delta-DOR data by the UVA to the VA.
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5.4.4 ACHIEVEMENTS

With interoperability validation step 3 the following are achieved:

a) validation of the UVA capability to make use of the navigation products (i.e., OEM
files) generated by the VA in the data processing.

b) wvalidation of data correlation capability of the UVA.

c) The UVA can now provide the role of DPA
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6 INTERAGENCY DATA EXCHANGE PRODUCTS AND
PROCEDURES

6.1 GENERAL

6.1.1 In order to support Delta-DOR interoperability, it is necessary to transfer the
following data products between agencies:

a) _service request:

b) exchange format raw Delta-DOR data (if any);
c) meteo data (TDM);

d) orbit ephemeris files (OEM);

e) reduced Delta-DOR data (TDM).

6.1.2 Each participating agency shall agree upon a data‘transfer strategy for thp data
products defined in 6.1.1. The strategy shall include 4he” definition of suitable tfansfer
protocols, source machines, and repository machines.

6.2 SERVICE REQUEST EXCHANGE SPECIFICATION
6.2.1 GENERAL

THe Delta-DOR Service Request ¢ontains all parameters needed to define a Deltd-DOR
mg¢asurement session. These include all the parameters discussed in 3.7.2. If all parameters
ar¢ specified, then the Service'Request completely defines the Delta-DOR session. S¢me of
th¢ parameters of the Service Request are optional. Some optional parameters may have
default values that are provided in the IA. Or, if all stations are part of the same agency, then
some or all of the eoptional parameters may have agency-specific default values. DDefault
vajues, maintained’in‘tables by each DCA, shall be used to fill in omitted parameters.

6.2.2 SERVICE REQUEST DATA EXCHANGE

THe parameters in the Service Request are defined in table 6-1. All times are UT(C| Earth

re pi\]p ﬁmp_
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Table 6-1: Definition of Delta-DOR Service Request Parameters

Parameter Units Required Description

Request ID YYYY- Y Issue date of the service request
DDDThh:mm:ss

Mission ID N/A Y Name of mission requesting the
service

Config ID N/A

P.

z

Receiver configuration to be,used

DPA N/A

Z

Agency to perform the data
processing

SC Npme List N/A Y An array containing.the ID of each
spacecraft to be observed

SC Flux dBm/m’ N An array containing the flux (total
received power per unit area) of]
eachpacecraft to be observed;
flux<is normalized to a
transmission distance of 1 AU;
entries correspond to entries in
SC Name List

Quasar Name List N/A Y An array containing the ID of each
quasar to be observed

Quasar Flux Jy N An array containing the flux
density (received power per unit
area per unit bandwidth) of each
quasar to be observed; entries
correspond to entries in
Quasar Name List

Quasar RA deg N An array containing the right

ascension of each quasar, J2000
coordinates; entries correspond fo
entries in Quasar Name List

Quasar_DEC deg N An array containing the

APF‘]{Y\Q"I‘{'\Y\ f\{: PQ{"]’\ Auasar T’)noo
SroT et oo odrorr et o=

coordinates; entries correspond to
entries in Quasar Name List

Tracking Station N/A Y An array containing the ID of each
participating tracking station
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Parameter

Units

Required

Description

Network

N/A

N

An array containing the name of
the network that each tracking
station belongs to; entries
correspond to entries in
Tracking_Station

Track Time

YYYY-

An array containing the start and

DDDThh:mm:ss
_To YYYY-
DDDThh:mm:ss

end times for observing ategch
tracking station; entries
correspond to entries-in
Tracking_ Station

Scpn_Source

N/A

A time ordered list of the radio
source to observe for each sdan;
Note - the-sources in this list must
be chosen from the sources ip
either SC_Name List or
Quasar Name List

Scpn_Start

DDDThh:mm:ss

An array containing scan staft
times; entries correspond to
entries in Scan_Source

Scan_Stop

DDDThh:mm:ss

An array containing scan stop
times; entries correspond to
entries in Scan_Source

DQR_Tones On

YYYY-
DDDThh:mm:ss
_ToYYYY-
DDDThh:mm:ss

An array containing time intgrvals
for each spacecraft to specify
when DOR tones are received at
ground stations; Note: each
spacecraft must be commanded to
transmit DOR tones for an interval
that is a one-way light time
earlier; entries correspond to
entries in SC_Name List

learization

N/A

An array containing the recejved
signal polarization (RCP or ILCP)

for each spacecraft; entries
correspond to entries in
SC Name List

Carrier_Transmit_Freq

An array containing the carrier
transmitter frequency for each
spacecraft; entries correspond to
entries in SC_Name List
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Parameter

Units

Required

Description

SC Chan BW

Hz

Y

Channel bandwidth to be used for
spacecraft signal recording

SC Chan_Res

bits/sample

Y

Sample resolution to be used for
spacecraft signal recording

QU _Chan BW

Hz

Channel bandwidth to be used for

anacaruosnalracardina

JoasSar- STErar rovoTaTnTS

QU

han_Res

bits/sample

Sample resolution to be used for
quasar signal recording

Chann

el Number

N/A

An array containingdogical
channel numbers to ‘use for
recording

Space

craft Assoc

N/A

An array containing spacecraft
IDs to asseciate with each
recording channel; entries
certespond to entries in
Channel Number

Signal

| Component

N/A

An array containing spacecraft
signal component names
(CARRIER or SUBCAR or
DORTONE); entries correspond
to entries in Channel Number

Delta |

Flux

dB

An array containing spacecraft
signal component fluxes relativg
to total spacecraft signal flux;
entries correspond to entries in
Channel Number

Delta |

Frequency

An array containing spacecraft
signal component transmitted
frequency offsets from carrier;
entries correspond to entries in
Channel Number
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6.3 ORBITAL EPHEMERIS MESSAGE EXCHANGE SPECIFICATION
6.3.1 GENERAL

The orbital ephemeris data of the spacecraft to be tracked (IF-6) are used for antenna
pointing predicts and frequency predicts during data acquisition, prior to data correlation.
Therefore they shall be transferred from the DUA to the DCA(s) (see definitions in 3.2) prior
to the execution of the planned Delta-DOR observation.

6.3.2 ORBITAL EPHEMERIS DATA EXCHANGE

The orbital information shall be transferred by means of OEM files, defined inreference |2].

6.3.3 DATA TRANSFER REQUIREMENTS

OKFM files shall be delivered by the DUA to the DCA on a regular basis, to be agreed upon
byl the two agencies in the frame of the Implementing Arrangément.

6.4 RAW DATA TRANSFER/EXCHANGE SPECIFICATION
6.4.1 GENERAL

Rqw Delta-DOR and meteo data exchanges ate shown as ‘IF-4’ and ‘IF-5’ in figure 3-1.| There
is po CCSDS Recommended Standard for'native Delta-DOR data format, since each agency
hap developed its own hardware and(software for data collection. For an interagency [Delta-
DOR session, a raw Delta-DOR data exchange format is defined (reference [4]) and shall be
used when performing cross-agency operations. In such cases, each agency shall th¢refore
translate its data to the exchange format before transferring data to the processing site.

NOQTE - The processing site may be located at another agency.

6.4.2 RAW DELTA-DOR DATA EXCHANGE

In|case ground stations of two agencies are used in a Delta-DOR recording session, tfansfer
of|the‘eXchange format raw data from both sites to the chosen correlator facility is nec¢ssary.
In|case different hardware is used by two agencies, the sampling format for native raw data
may not be identical. However, if similar channel positions and sampling rates are agreed
upon and used, then it is possible to re-sample one data stream to make it fully compatible
with the second stream. Further, data with compatible samples may be converted from the
format used by one DCA into the format required by the DPA. The re-sampling and re-
formatting shall be done by the DCA before raw data transfer. Users should be aware that re-
sampling may reduce effective signal-to-noise ratio of the data.
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The exchange format raw Delta-DOR data file (or files) shall contain ancillary information to
completely describe the recording session, as well as the primitive samples of the spacecraft
and quasar signals.

NOTE - The exchange format for raw Delta-DOR data is described in reference [4].

6.4.3 DATA TRANSFER REQUIREMENTS

Raw Delta-DOR data exchange of necessity involves transfer of a large volume of ddta.
Historjically, VLBI experimenters have exchanged data by shipping tapes or disks from gne
site tq another. On the other hand, measurement systems developed for Delta-DOR hgve
relied [on electronic file transfer. Data network connections are needed from each’station|to
the correlator facility. Because of the large data volume expected, the nurbeér of transfer
steps $hould be kept to a minimum. The necessary transfer rate that must be provided will
depengl on the data volume and the allowed latency for delivery of the reduced data.

As an|example, 12 Gbytes of data may be transferred in 9 hr at,a rate of 3 Mbits/sec. This
typical data volume and latency can be supported by two T1 lin€s for a single transfer step.

The dgta volume and the required latency must be taken into account when sizing bandwidith
requirgments. Network connections, network bandwidth, suitable transfer protocols, soufce
machihes, and repository machines must all be provided and agreed upon.

6.5 METEO DATA EXCHANGE SPECIFICATION

6.5.1 | GENERAL

The meteo data collected at the«stations during the Delta-DOR tracking (IF-5) are used|to
develqp path delay calibrations.for signal transmissions through the Earth’s troposphere and
ionosphere. These calibratiohs are then used in the navigation system as part of the
obseryable model. Theréfore they shall be exchanged immediately after the execution of the
planngd Delta-DOR observation.

6.5.2 | METEO'DATA EXCHANGE

The njeteo~data information shall be exchanged by means of Tracking Data Message (TDM)
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6.5.3 DATA TRANSFER REQUIREMENTS

TDM files shall be delivered by the DCAs (see definitions in 3.2) to the DUA after each
Delta-DOR tracking session.
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